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FORE WORD

This report presents the results of work performed by

Lockheed Missiles & Space Company, Huntsville Research &

Engineering Center, under Contract NAS8-Z0121, 'tDetermination

and Presentation of Experimentally Derived Load Distributions."

This work was done for the Marshall Space Flight Center

Aero-Astrodynamics Laboratory by the Aerodynamics & Pro-

pulsion Section of the HREC Aero-Mechanics Department.
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SUMMARY

The data from an extensive wind tunnel pressure distribution test

program were analyzed to provide linear aerodynamic load distributions

in the high subsonic, transonic and low supersonic Mach number regimes

for cone-cylinder-frustum-cylinder configurations.

The configurations were of such geometry as to be compatible with

the previous cone-cylinder work which together provide a knowledge of the

loads on selected cone-cylinder-frustum-cylinder configurations.

The geometrical parameters varied in this study were (1) the cone

semivertex angles (from 15 ° to 400); (2) the conical frustum angles (from

7.5 ° to 20°); (3) cylinder diameter ratios (D2//D4 - 0.4, 0.6, 0.8); and

(4) the forward cylinder lengths (from 0.5 to 4°0 calibers). The aft cylinder

lengths were constant at 5.5 calibers.

A comprehensive set of design curves is presented which will enable

the designer to determine aerodynamic loads in a Mach number range where

adequate information has not been available. Local normal force slope

distributions for the segments of a cone-cylinder-frustum-cylinder were

developed on a parametric basis for the area of interest. The local normal

force slope distributions for the nose cone have been determined in the

previous cone-cylinder study and are not presented here. The loads pre-

sented here are the distributed loads on the other three sections of the

cone-cylinder-frustum-cylinder configuration: forward cylinder, frustum

and aft cylinder.
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The pressure data obtained from the wind tunnel test was analyzed,

using computer programs formulated by Lockheed. The pressure distri-

bution data was integrated to obtain local normal force and then slopes

of local normal force versus angle-of-attack curves were obtained and

integrated to obtain total normal force slopes. Correlations of the pressure

data and loads data were made for the parametric ranges of geometries to

produce well-defined variations of loads as functions of the various aero-

dynamic and geometric parameters. The cone-cylinder loads data which

was obtained from the previous study was combined with the distributions

for the first cylinder, frustum, and second cylinder to produce the com-

plete body local normal force slope distributions for all the configurations.

Comparisons of CNa and CMa from force test and pressure data showed

very favorable correlation (within 10%). The distributions were then

separated into body sections and carpet plots were prepared for the param-

eters for each section. These carpet plots are published in this report.

Many flowfield and load characteristics were noted from the carpet

plots and are discussed in more detail in the discussion sections. Some

of the more general characteristics that were observed from the plots

are summarized. The large normal force gradients aft of the nose cone

previously noted in the cone-cylinder study are not significantly affected

by the flare for the front cylinders longer than two calibers. For the

short forward cylinder case, the load distribution values on the forward

cylinder are reduced because of the large influence of the flare upstream.

Boundary layer separation occurs after the cone and before and after the

flare for some combinations of cone and flare angles. The approximate

conditions in which separation occurs can be noted from the location of

the discontinuity in the local normal force carpet plots. Mach number has

a pronounced effect on the cylinder load distributions. A near normal

shock occurring on the cylinder in transonic flow is accompanied by a

sudden surface pressure rise. Negative spikes of local normal force,

corresponding to these shocks, occur due to angle of attack.
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The local normalforce slope carpet plots, presented for all the

"parameters in 12-0 plots, provide the most complete study results available

to the designer to determine aerodynamic loads on cone-cylinder-flare-

cylinder configurations.
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SYMBOLS

C M

CM¢I

C N

GNa

G N'

C l
Na

D

F N

L

M

M
C

M

mrp

q

R N

S

V

X

ON

pitching moment coefficient, M/qo0SD

pitching moment coefficient slope, @Gm/@Ot, per radish

normal force coefficient, FN/q00 S

normal force coefficient slope, @CN/aa , per radian

local normal force coefficient, aGN//Cg(X/D), per caliber

local normal force coefficient slope, @CNr/@a, per
radian caliber

base (reference) diameter, D4= 2.0 inches - pressure model
1.5 inches - force model

normal force

segment length

pitching moment about mrp

critical Mach number

freestream Mach number

moment reference point (see Figure I )

dynamic pressure, pV2/2

Reynolds number, p V/_, per foot

reference area, 7rD_/4

velocity

distance downstream of segment leading edge

angle of attack, degrees

cone or flare semivertex angle, degrees (N denotes

segment number)
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SYMBOLS (continued}

coefficient of absolute viscosity

density

radial angle, degrees

segment maximum diameters (N denotes segment number}

Subscripts

00

1

2

3

4

N

freestream

cone segment

forward cylinder segment

flare segment

aft cylinder segment

body segment number

Wind Tunnel Model Configuration Symbols

....

A complete typical cone-cylinder-flare cylinder configuration is

identified by the following symbols - 6N15 C 4 F7. 5 B3. 5

1. 6

o

3.

g

5.

NI5

C 4

the diameter ratio of forward and aft cylinders

(Dz/D4) (in tenths, i.e., Dz/D 4 = 0.6)

the nose cone; subscriptdenotes cone half angle (15 °)

the forward cylinder; subscript denotes cylinder length

(Lz/D z --4.0}

the flare; subscript denotes flare half angle (7.5 ° )

the aft cylinder with a 3.5 caliber length
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Section 1

INTRODUCTION

The aerodynamic characteristics for cone-cylinder-frustum-cylinder

configurations are often required for design studies of launch vehicles. One

of the requirements is to establish the local normal force distributions over

the vehicle. The purpose of the present study, referred to as "the trisonic

frustum aerodynamic loads study" because of the 3-velocity ranges covered,

is to establish a set of aerodynamic loads design curves for cone-cylinder-

frustum-cylinder configurations on a parametric basis. The Mach number

range of interest is from 0.7 to g.0. The requirement to extend the study

of the aerodynamic loads on cone-cylinder configurations to cone-cylinder-

flare-cylinders was established so that accurate preliminary design loads

can be predicted for a wide variety of launch vehicle configurations.

An extensive wind tunnel test program (Reference 1) was conducted

in the MSFC 14xl4-inchwind tunnel in order to obtain sufficient data to

adequately define the linear aerodynamic loads design curves. The geometry

of these configurations is frequently cone-cylinder-flare-cylinder. (During

the course of this report the geometrical body section which is defined as a

conical frustum will also be referred to as a flare.) A fairly successful

study (Reference Z) was conducted at LMSC/HREC to determine loads on

flares but a complete parametric definition could not be obtained because of

lack of data. The source of all data in the present study was the wind tunnel

test program. It is not a collection of data from various sources. This

permitted very compatible results to be obtained, and the quality of the results

obtained indicates this.

The study of cone-cylinder configurations (Reference 3) established

the loads on the cone, and these are not presented in this study. Carry-

over loads on the forward cylinder from the cone, presented in Refer-

ence 3, were used in this study to help evaluate the carryover loads
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oblained on the forward cylinder. To retain the compatibility and usefulness

of the data from previous and present studies, data for identical Mach

numbers were used. The established set of design curves will predict the

linear gradient loads on cone-cylinder-flare-cylinder configurations, and

will do it quite accurately for preliminary design requirements. Other

aspects of the problem of predicting aerodynamic phenomena such as non-

linear loads, hysteresis effects, Reynolds number effects, and unsteady

(oscillation) flow are not investigated here. A set of shadowgraph pictures

was taken to clarify the flow characteristics of some of the configurations.

These pictures were published in Reference 4. The previous cone cylinder

study was quite useful in predicting aerodynamic loads for cone cylinder

configurations and the present study supplements this work with design curves

for more complicated configurations.
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Section 2

OBJECTIVES

The purpose of the study for which results are presented here was to

_'stablish a set of aerodynamic loads design curves for cone-cylinder-flare-

cylinder configurations on a parametric basis. The Mach number range of

interest is from 0.7 to 2.0. The loads presented in this report are local

normal force slopes, total normal force slopes and total pitching moment

slopes; all presented in coefficient form. Configuration geometries which

were varied were nose cone angle, 01; first cylinder length, Lz/D2; and

frustum angle, 03 . Inherent in these is the variable of body station for each

segment. The variation of parameters is briefly discussed below {configu-

ration geometries are shown in Figure 1):

1. Cone Angle: The semivertex angle, /91 , was varied between

15 ° and 40 ° similar to the manner in which cone cylinder

data was obtained in the previous cone cylinder study.

2. Frustum and First Cylinder Station: The local normal force
distributions are dependent on axial distance, X, from the

front of the segment. For convenience, the flare and first-

cylinder are non-dimensionalized by the segment length L N.
The values of X/L N then vary between 0 and 1.0.

3. Frustum Angle, 03: This is the semivertex angle of the

conical frustum (flare) as shown in Figure 1. This angle is

varied as the diameter ratio (D2/D 3) is held constant. The

different diameter ratios used were: 0.4, 0.6 and 0.8. This

angle affects the loads on the flare and on the aft cylinder and
in some cases affects the load on the forward cylinder.

4. Cylinder Length: The length of the aft cylinder is non-

dimensionalized by the diameter. The distance x/D 4 is

used in describing axial variations to a maximum value of 3.5.

5. Angle of Attack: The angle of attack was varied from 0 to 8 °

in the wind tunnel test. Angle-of-attack effects are included

by the presentation of slopes of the variation of loads and
forces with angle of attack. The angles tested did not show

significant nonlinear effects in the total loads.
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Math Number: To be compatible with the previous cone-
cylinder data, the identical Mach numbers were used. These
Mach nun_bers are fronl 0.7 to 2.0.

Reynolds Nu:nber: The cone-cylinder-flare-cylinder
configurations were tested at a nominal Reynolds number
(5.3 to 6.7 million per foot) for the various Mach numbers

and at the highest Reynolds number conditions available
(6.9 to 12 million per foot). Some runs were made both

with and without boundary layer trips. The basic objective

was to obtain data at a high enough Reynolds number
(turbulent boundary layer) that no appreciable effect would
be expected for increasing Reynolds number.

Boundary layer trips, both grit and steel balls, were used to try to

establish positively a turbulent boundary layer over the model. In the range

of Reynolds numbers that was used in the test, the boundary layer was

turbulent over the flare even though transition on the cone downstream of the

trip was not apparent. Also for the Reynolds humbers tested, it was estab-

lished from the pressure data that there was little effect. Additional charac-

teristics are discussed further in Section 4". Discussion of Results.
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Section 3

METHOD OF APPROACH

The data utilized in this study were obtained from wind tunnel tests and

previously published cone-cylinder data. The tests performed at the MSFC

14x 14-inch wind tunnel were both pressure and force test programs. The

results from the force test were used to check the results of integration of the

pressure data. Cone-cylinder data were used because it was unnecessary to

repeat the testing of the cone cylinder and also to check compatability between

the data obtained from the cone cylinder and the present study. The pressures

obtained from the tests were integrated to obtain distributed loads. These

distributed loads for the cone-cylinder-flare-cylinder configurations were

obtained from the extensively instrumented pressure model. The pretest

report {Reference I) gives the details of test conditions and the configurations

tested. The pressure model was instrumented with a row of pressure orifices

on the top and bottom of the model {_=0 and 180°). To obtain pressures at

various radial positions at each station, the model was rotated to roll angles

of 0, 15, 30 and 60 degrees and tested at each angle of attack and Mach number.

When the model was rolled, the top row _=0) of orifices would measure the

pressures at each roll angle for_=0, 15 °,30 ° and 60 °. The bottom row

{_b=180 °) of orifices would measure the pressures at_=lS0 °, 175 °, 150 ° and

120 °. These measurements were collated and, assuming syrnetrical pres-

sure distributions to exist about the vertical plane, the complete radial

pressure distributions were defined.

All pressure model configurations were tested at angles of attack of 0,

2°, 4 ° and 8° so that normal force gradients could be obtained. Pressures

were read at every orifice for each roll angle at the 4 angles of attack and

punched on IBM data cards. After the pressure testing was completed, the

pressures were reduced to coefficient form. From these data, the loads

analysis was performed. A detailed description of the data analysis is

presented in the following discussion.
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Dala were analyzed "in the following manner. The pressure coefficient

data were punched on cards. The original test C output was punched as one
P

C per card. The one-C -per-card data was rearranged to eight-pressure-
P P

coeffic[eats-per-card {a radial distribution at one station}. The resulting

groups of eight-Cp-per-card decks were used in computing local normal

force at each angle of attack for all configurations tested.

The computer program used to obtain the loads is the pressure integra-

tion program (Reference 5). This program formulated by LMSC, computes

local normal force from radial pressures at each body station along with a

complete development of the pressure forces and moments in the normal

and axial planes. To further facilitate the data reduction required, the

program was modified to perform curve fits of local normal force versus

angle of attack and calculate local normal force slopes using the curve fits.

First, second and third order polynomials were used to establish curves

through the data points. After curves were established, tangent slopes from

the three orders of curve fits and the average slopes between 0 and 3 ° from

the second and third order curve fits were calculated. In addition, to check

the machine-computed slopes, slopes were read manually. The local normal

force distributions were integrated and each was compared with the corre-

sponding force data for that configuration. By comparing force and integrated

pressure data it was established that the third order and third order average

between 0 and 3 ° curve fit slopes gave the best agreement. The average

slope between 0 and 3 ° angle of attack from the third order curve fit was

computed by establishing a linear slope between zero and the C N value at

3-degrees angle of attack established by the curve fit. (In other words, no

data was actually at the 3 ° point, but the value was established by the curve

fitted by the polynomial through the actual data points.) This linear slope

from 0 to 3° angle of attack establishes a reasonable value of local normal

force slope for locations on the body where separation occurs and/or the

local normal force curve was nonlinear.

All the local normal force values for the body stations versus angle of

attack and the local normal slopes obtained from the curve fits were plotted

3-2



by the SCR-4020 machine. This was done to obtain working plots as the data

were processed. Since it was established that the third order curve fit tangent

and the third order average slopes gave the best estimates of slopes, both sets

of these data points were plotted by the computer for each body station for use

in making fairings.

The data from the cone-cylinder study was used to complete the dis-

tributions for cone-cylinder-flare-cylinder configurations. Data from the

previous test (cone-cylinder local normal force slopes)were converted to

a new reference based on the diameter of the aft cylinder, These data were

combined with the cylinder-flare-cylinder local normal force slopes from the

present study to obtain complete distributions along the body, They were

then integrated to obtain the normal force and pitching moment buildups.

For the final local normal force distributions plotted by the SC1_-4020

machine, the cone-cylinder data, the third order curve fit and the third order

average between 0 and 3 ° slopes were used. By using two estimates of

slopes, an indication was obtained of the difference in slopes attributable

to the analytical procedure.

Fairings were made on the combined distributions of cone-cylinder and

cone-cylinder-frustum-cylinder data through the data points that correspond

to the third order average curve fit slopes and the cone cylinder data. The

combined sets of data overlap each other on the forward cylinder, By

inspection, it was determined if the two sets of data agreed; and, if not, the

most reasonable data points were used and faired. Errors in the localnormal

force were observed and related to pressure orifices which malfunctioned

during the test. These data points were not used when the distributions were

faired, but are included as data points in the carpet plots. After the machine

plots were faired to establish the final distributions to be used to construct

local normal force carpet plots, they were integrated to determine the CNa

and C Ma buildups.
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Tile faired distributions (from the third order average values and the

cone-cylinder data) were used in a computer program to integrate the local

nornaal force distributions to obtain CNa and CMa buildups, using a trape-

zoidal integration scheme. Inputs to this integration routine were taken close

enough together to yield an essentially exact value of the area under the curve.

These integrated buildups were then directly compared with normal force and

pitching moment slopes obtained from the force tests. A 10% error band was

used as the criterion to determine whether the pressure data agrees with the

force test data. It was felt the accuracy of the data and the methods used

would warrent using this 10% error criterion. After the forces and moments

were compared, the loads distributions were refaired where necessary from

force and pressure data so that the integrated results would agree within 10%

of the force data. These fairings were used to establish the final curves to be

used in the report presentation. The same carpet plots as those used in the

cone cylinder report are used to present the localnormal force slopes

obtained from the test data (pressures). This method of presentation has

proven to be quite desirable since curves for constant values of two variables

may be presented on one plot, thereby permitting more accurate correlation

and inte rpolation.

Carpet plots were prepared, presenting the loads distributions for

individual components (segments) of the configurations. From Reference 3

and the carpet plots presented here, the complete configuration loads distri-

bution can be prepared for cone-cylinder-flare-cylinder configurations.
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Section 4

DISCUSSION OF RESULTS

4.1 GENERAL DISCUSSION

The design curves, constructed to represent the loads distributed over

each individual body section, are presented in Figures 2 through 10. Each

section of the body has its respective loads presented to isolate effects on

the individual section, Carryover loads are included for the body sections

on which they occur. The isolation of the effects of each section is useful in

obtab_i,_g distributed loads for selected composite body geometry. The geo-

metrical parameters which varied for each body section {forward cylinder,

flare and aft cylinder} are: diameter ratio (D2/D4); flare angle {03); front

cylinder length {L2); and nose cone angle (01). The effects of these geometrical

variables on the flow field are discussed in the following paragraphs so that

how the loads occur on the body sections can be better understood.

Flow separation is one of the most significant flow phenomena that

affects the distributed loads. It affects the vehicle loads by significantly

changing the pressure distributions on a body in comparison to those obtained

from attached flow. Angle of attack has affect upon separation by tending to

retard separation on the windward side with the opposite effect on the leeward

side. Large changes in normal force occur due to the radical pressure

changes caused by the unsymmetrical separated flow pattern. The attached

flow case does not create such significant asymmetric patterns. It is

desirable to know the combinations of body parameters and flow conditions

where flow separation occurs. Boundary layer separation occurs for some

combination of Mach numbers, Reynolds number, and body geometry. Their

effects on local normal force are apparent from examination of the results of

this study, More detailed discussions of how separation affects the loads on

each body section are presented under their appropriate titles.
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Reynolds number affects the critical Mach number where separation
occurs. All the configurations tested carried nose-transition strips to trip

the boundary layer. In the range of Reynolds numbers tested, there were no

significant effects found on the measured loads. The boundary layer was

tripped in most cases. Shadowgraph pictures of the flow field of the cone-

cylinder-flare-cylinder are presented in Reference 4.

Shadowgraphs were taken at various Mach numbers to help evaluate if

the boundary layer was turbulent or laminar after the trip. It could not be

definitely established from the shadowgraphs that the boundary layer was

turbulent after the trips because of the extremely thin boundary layer. The

trips were located quite near the nose tip and the combined effects of the

natural turbulence and the induced turbulence did not appear to induce tran-

sition of the boundary layer on the cone. Shock-induced transition on the

forward cylinder was noted in examining the shadowgraphs. It was not

determined if the boundary layer conditions on the cone had any effect on the

distributed loads. Since shock-induced transition was found on the first

cylinder and no influence on pressure distributions was noted in the Reynolds

number study, it was concluded that the loads which had been obtained and

presented correspond to turbulent bouhdary iayer conditions.

4.2 COMPONENT LOADS AND FLOW CHARACTERISTICS

The flow characteristics of each geometrical section of the configuration

are discussed separately in the following paragraphs. All the loads which

occur will be related to the flow field characteristics and discussed. These

sections are forward cylinder, flare, and aft cylinder.

A discussion of the loads on the nose cone was published previously in

Reference 3.
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• 't.2.1 Forward Cylinder

The local normal force distributions for the forward cylinder are pre-

sented in Figures 2 through 4 for the parameters tested. These loads are

plotted by using X/L 2 as the length parameter because of the variation of

this length with configurations. The X/L 2 parameter varies from 0 to 1.0

for all the configurations. The other parameters which were varied are

nose cone angle, forward cylinder, length (L2) , diameter ratio (Dz/D4) , and

flare angle (03).

The first set of curves, presented in Figures 2a, b and c, show how the

loads vary by changing frustum angle for various diameter ratios. For

diameter ratios of 0.4, 0.6 and 0.8, the front cone angle and cylinder length

were held constant. This forward cylinder length (L2/D z = 4.0) is sufficient

to isolate the effects of the cone from the flare on the forward cylinder. The

distribution of load on the forward cylinder, which is 90% carryover from

the cone, has the same variation for all the diameter ratios tested. How-

ever, the magnitude of the loads change due to the change in diameter of

the forward cylinder and the flare carryover changes with increasing flare

angles ((93). Therefore, the carryover loads for a constant diameter ratio

from the nose cone were equal in magnitude, but only the carryover (loads

induced on the forward cylinder) from the flare increased with increasing

flare angle. The flare angles used were 7.5 °, 10 °, 15 ° and 20 ° for each

of the three diameter ratios. The length of the forward cylinder increased

for increasing diameter ratio (Dz/D4). This variable is eliminated by using

X/L 2 as the variable on the carpet plots.

The next condition to be discussed is the effect of nose cone angle on

the forward cylinder loads. This is presented in Figure 3. The configuration

consists of the variables: nose cone, forward cylinder (Lz/D Z = 2.0 calibers),

diameter ratio (Dz/D 4 = 0.6), and 15 ° flare angle (03). Loading characteristics

at M = 0.7 and 0.8 indicate that separation occurs between a 01 = 15 ° to 25 °
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and tl_e separated flow occurs over a greater length of the forward cylinder

as 01 is increased.

The carryover loads on the cylinder at 01 = 40 ° do not drop to essen-

tially zero before the loads are affected by the flare carryover, because

separation occurs between the nose-cone-cylinder juncture and the aft cylinder.

The flow also tended to be unsteady as indicated by the shadowgraphs.

At M = 0.9, separation occurs between 81 = 15 ° and 25 ° . Using the

results from the cone-cylinder study, separation was assumed to occur at

Z3 °. Again, at this Mach number, the leeward side is completely separated

at angle of attack. Separation is assumed to occur at 81 = 31 ° at M = 0.95,

using the same criteria. At M = 1.0, the cylinder loads increase for larger

nose cone angles, but the load increases negatively at the front of the cylinder

while the frustum carryover loads increase. At the supersonic Mach numbers.

the movement of the lee frustum shock forward at angle of attack causes a

negative spike load on the cylinder. At M = 1.96, a strong nose shock is

present, but the flare shock tends to be weak with only a small amount of

separation. The supersonic flow field also causes an increase in carryover

load on the cylinder from the cone.

The next variable to be analyzed is the effect of varying the length of

the forward cylinder, while the remaining geometry is kept constant (33 °

nose cone angle, diameter ratio Dz/D 4 = 0.6, and 83 = 15°). For this con-

figuration, flare separation occurred at all subsonic Mach numbers. The

magnitude of the cone carryover on the cylinder was observed to increase

with decreasing cylinder length. Also observed was that at M = 0.7 and 0.8

the loads on the front cylinder are affected considerably by the length increase

from 0.5 to 4.0 calibers. For the short cylinders, the carryover effect

begins at approximately a X/L Z of 0.3, while for the long front cylinders,

the carryover loads from the cone and the flare are distinct. This trend

is evident throughout the supersonic and transonic Math range. At lVi = 1.0

for Lz/D 2 = g.0, the load does not peak and drop off before the flare carry-

over affects it as it does on the Lz/D Z = 4.0 cylinder. A shock standing on
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• the L2fD 2 = 2.0 cylinder causes a negative load that occurs over 1//4 of the

length. At supersonic Mach numbers, the shock shift again creates the

i aegative spike loads, which increase with increasing cylinder length. At the

supersoaic Mach numbers, the loads for the highest frustum angle increase

with angle of attack because of the separation of the flow before the cylinder-

flare juncture.

4.2.2 Flare

The variation of loads on the flare created by changing geometrical

parameters is shown in Figures 5, 6 and 7. The identical parameters that

were varied for the front cylinder are therefore used to obtain their effects

on the flare distributed loads. Because the length of the flare varies when

the angle is changed for a constant Dz/D 4, the X parameter is nondimen-

sionized by the length of the flare {L3). The X/L 3 parameter then varies

from 0 to 1.0 for all configurations. The effect of changing flare geometry

on the distributed loads on the frustum for constant diameter ratios is pre-

sented in Figures 5a, b and c. One of the most significant effects noted was

that for a body diameter ratio of 0.6, the loads increase in magnitude linearly

with flare angle for all Mach numbers except 1.45 and 1.96. The shape of

the constant X/L 3 lines indicate that the loads are nonlinear at the supersonic

Mach numbers because the flow will not turn through the larger frustum

angles; whereas they will turn through the smaller frustum angle. This

phenomenon is substantiated by Reference 6. As the flow will not turn through

the higher angles, it separates on the leeward side of the flare after the shock

and creates a greater pressure differential than would normally occur if the

flow did not separate; therefore, the higher loading exists on the 15 ° and 20 °

flare.

Separation also occurs on the flare with a diameter ratio of 0.4 which

creates nonlinear load variation for constant X/L 3 lines between 0 and 0.3.

Fairly linear variation of loads occurs on the aft end of the flare, as noted

in Figure 5a. No separation occurs on the flare at any angle for a D2/D 4



ratio of 0.8. This is indicated by the linear X/L 3 lines and the magnitude

of the loads is smaller than the loads on either the flares with Dz/D 4 = 0.4

and 0.6.

The characteristics of the local normal forces on tile flare with a

diameter ratio of 0.8 are depicted in Figure 5c. When the distributions on

the flare for the three-diameter ratios are compared, a definite difference

in loading is observed.

Another parameter varied to determine its effects on the flare local

normal forces is the length of the front cylinder. Lz/D z was varied from

0.5 to 4.0 calibers, and it was noted that the effect of the short front cylinder

was considerable A short front cylinder increases the local normal force

on the forward portion of the flare because of the influence of the cone carry-

over flow field on the forward portion of the flare. At the supersonic Mach

numbers, the length of the forward cylinder had no effect on the frustum

loads (as shown by the load values for constant X/L 3 lines in Figure 7).

The final flare parameter effects investigated were the variation of nose

cone angle, as well as how those loads on the flare reacted to the nose cone

angle. At the subsonic Mach numbers, the loads were practically unchanged

when the nose cone angles were varied from 15 ° to 40 ° and then only on the

front of tim flare, but the loads decreased rapidly" at X/L 3 = 0.5 to 0.9.

Just the reverse is true at transonic Mach numbers with the loads

changing considerably with nose cone angle. The load lines for constant

X/L 3 are definitely nonlinear and have considerable variation from X/L 3

oi 0 to 1.0. As the Mach number further increased, the effect of the nose

cone angle diminished, and a constant variation again existed. All these

effects are shown for all the Mach numbers in Figure 6.
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• 4.Z.3 Aft Cylinder

The final set of carpet plots which are presented are the local normal

force slope distributions on tile aft cylinder. In these plots, identical

parameters are used that were varied for the front cylinder and the flare

to obtain these affects on the distributed loads.

The effect of changing flare angle for a constant diameter ratio is

presented in Figures 8, 9 and 10. They show the result of separation and

other flow ctaaracteristics on the distributedloads. The most obvious feature

of these plots is the discontinuity of constant X/D 4 curves caused by boundary

layer separation at the flare-cylinder juncture. The characteristic shapes

of the normal force distribution curves for the separated and attached flows

are different. This discontinuity occurs somewhere between 15 ° and 20 °

for M = 0.7 and 0.8 and the exact location was determined by Reference 3.

Using the curve from Reference 3, separation is assumed to occur at

a 16 ° flare angle at M = 0.7 and 20 ° at M = 0.8. The effect of diameter

ratio cannot be determined from the data available, but it would seem that

the separation angle where separation occurs wouldbe different. At M = 0.9,

0.95 and 1.0, separation will not occur because the angle where separation

occurs is larger than the maximum flare angle tested. Figure 8a and b show

the approximate location where separation occurs for diameter ratios of

0.4 and 0.6.

An additional effect noted is that the carryover load increases with

increasing flare angle for all the Mach numbers used.

The characteristics of the loads of the aft cylinder for a diameter

ratio of 0.8 and the same flare angles are changed significantly from the

characteristics established for the other diameter ratios. It seems that

no significant separation occurs after the flare cylinder juncture for M = 0.7

and 0.8 nor at the higher Mach numbers.
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One of the least significant effects on the aft cylinder loads is created

by variation of the nose cone angle. The carpet plots for both subsonic and

supersonic Mach conditions indicate very little change when this parameter

is varied even with a forward cylinder length of two calibers. Note that the

negative loads just aft of the flare at transonic Mach numbers d._ooincrease.

These effects are apparent in Figure 9.

The variation of front cylinder length has a small effect on the aft

cylinder loads similar to the effect of nose cone angle. Figure l0 does

indicate a slight effect at the transonic Mach numbers. The most significant

effect noted for all of the aft cylinder loads is the influence of the base on the

loads near the base. This is discussed further in the comparison of the force

and pressure data in the next section.

Mach number has a definite effect on the pressures on the aft end of

the second cylinder. As is noted in the aft cylinder local normal force

distributions, the loads tended to increase at the 3.0 caliber location at

subsonic and transonic Mach numbers and to drop to zero for the supersonic

Mach numbers. This difference in base effect occurs because the pressure

cannot be transmitted forward of the base in supersonic flow. The base

effect had a significant impact on the correlation of force and pressure data

results. The percentage increase in load required to allow the integrated

loads distributions to agree with force test data varied with Mach number,

each distribution had to be modified independently of each other to account

for the difference in aft cylinder length for the force and pressure models.

The distributions, as presented in the carpet plots, were not modified,

because the base effect is included in the aft cylinder section. This effect

is indicated by the rapid increase in load from 3.0 to 3.5 calibers.

and

4.2.4 Comparison of Force and Pressure Data Results

All the distributions that were plotted were checked to determine if,

when integrated, the total loads would agree with what was obtained from the

4-8



Jorce test. Figures lla, b and c show the comparison of the total normal

force and pitching moment obtained from the force and pressure tests. There

,were problems which existed when the pressure and force loads were being

compared. In the majority of cases where pressure data did not agree with

the force data, the pressure data had loads which were lower and moments

which were higher. Base effects were found to be causing this disagreement

between the force and pressure data. The 2-caliber aft cylinder on the force

test model was compared with the 2-caliber position on the 3.5-caliber pressure

model, and the increase in load due to the base was essentially eliminated in

the region comparable to the force model length. The base effects did exist

on the force model. When this base effect was shifted on the pressure data

to the 2-caliber position, the loading agreed with the force test data. The

comparisons presented in Figure 11 include the base pressure corrections.
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Section 5

CONCLUSION

A comprehensive set of aerodynamic loads design curves for forward-

cylinders, flares and aft-cylinder were constructed from integrated pressure

data and were documented. These curves will enable the designer to ascer-

tain the aerodynamic load distributions of cone-cylinder-flare-cylinder

configurations for a broad range of geometric parameters in a lViach number

range where adequate methods were previously unavailable.

These curves, when supplemented by the design curves for cones and

cylinders in Reference 3, provide a complete set of design curves for

evaluating the distributed loads for any combination of a wide range of

vehicle geometric parameters.

5-1



Section 6

RE FERENCES

lo

21

J

o

.

o

I, eff, Alan D., "Pretest Report for the Trisonic Cone-Cylinder-
Frustum-Cylinder Test Series,"TM 54/20-31, Lockheed Missiles &
Space Company, Huntsville Research _ Engineering Center, Huntsville,
Alabama, April 1965.

Benefield, J. W., R. L. Hamner, R. J. Hauser and A. D. Leff, "A Corre-
lation of Transonic and Supersonic Aerodynamic Characteristics for
Cones, Cylinders and Flares," TM 54/01-42, Lockheed Missiles &
Space Company, Huntsville Research & Engineering Center, Huntsville,
Alabama, 30 January 1964, Confidential.

Hamner, R. L., and A. D. Leff, "Linear Aerodynamic Loads on Cone-
Cylinders at Mach Numbers from 0.7 to 2.0," LMSC/HREC A710463,

Lockheed Missiles _ Space Company, Huntsville Research & Engineering
Center, Huntsville, Alabama, 10 March 1965.

Leff, Alan D., "Shadowgraph Study of Cone-Cylinder and Cone-Cylinder-
Frustum-Cylinder Configurations," TM 54/20-66, Lockheed Missiles &

Space Company, Huntsville Research & Engineering Center, Huntsville,
Alabama, 15 December 1965.

Benefield John W., "A Revised Program for the Integration of Pressure
Distribution Data for Bodies of Revolution," TM 54/40- 133, Lockheed
Missiles & Space Company, Sunnyvale, California, February 1963.

Ames Research Staff, Equations,"Tables and Charts for Compressible
Flow," Report 1135, National Advisary Committee for Aeronautics,
Moffett Field, California, 1953.

6-1



J

f_q -,-.-,.,=-,.-_m

C_

7-1

0 0 0 0

,.C
u
4._
oJ

U'J

b_

0

L3
!

_)



o.
'7

o
c;
u

ii

,,a

T.,
U

r.,.

U

&

o

o

L.)

o
r..

<

U.,

,.':i

f.-,

7-2



.._I.: I:_

: [:i

T_
i ,

: i

i t

, I

i

I i

Li

--i-_- !

, i t _ ,

aaqtl_D tt_'Tpe}l ._ad 's bl D 'adolCS lua_3_JJaO3 o3_oj leuaaoN I_3O"I

¢5
ii

¢5

i

_o

m

_3

o

3

5_
O

o

o_

<

E

"d

t_

7-3



I

ii_}iiii
i!!!!!!!
::::::::

iii

].1,

.&

--_

....il.

'1..

.... a.

iiil _i!i_, ili i!ii !i!i i!!
iii] iii] il ¸ _ii !ill iiii iii_
iiii fill. ii_ iili iiii ii_
!_! i}i! ii_ iiii i!ii i[!
i_i!iiil ii! iiiiiiii i!i

!_iiiii_!i; hii_!ib _i

•_ili

> ....

#

.... _',_-

= --

i

, !:

i _2_12 122
I

...... !..

_ _ L_

_ d

i:'ii_ iiii
_illili i_i

::_}iiiiiiii

i_i!}i_ :::

:.i':[ ; i"

: h!:.i[ _. ;i

,::,.::

.i_! i{il

:,ill!!; ;:

-_

_ i

I;r I

',,: _:i

_.'--.._-
ii_: i

_l:!!

"i,[;ii:

:!

!:_!I_ili!]!!i
i_iil:_!!li!i]

::::I::::

ii:.i':,:, :_'_ !i:.ii[
! !i!i::ii!i _'.i:,'"

.i_i:h.1..!/: !!ii _::

:i : :i '.i

:_. ii _ _

i

:; i?
.; t.! ;, lil
'.i i:1 I! !_

_ft., _

F

li [!

l -

o

.:_ i;I!

::[|[_ii

::!l!_:i

F}I}}:}

: lib

?. ![!:i

i[?[ ;!,

i!ilii_,

:! !!:L

i;$ii

i!!l_ili
i_$ii!
i::!i:i

i}llii;

ili2_i
l!!ti,,:

t FF_

{:l
_!::

:T
:i

121

ii:!i 
_12_.

7 0t

':1

:I

!

il

.1 ._tlIl_g) u'e!pr, H ._a d '_N D 'adols luo_'ll;ao D ;_,_o.T l'etu._ON l_._oq

6
tl

[
L)

.o

,m

o

,.o

l.,.,

t..

7-_-



' o _ "L £0

.t,_q_l_) u_lp_'el .tat-{ 'tJOND ,adois ltno_3Tl3ao D a3.to.:I l_ttt.toN I_3O"I

_3
i¢

m

e-"

t

i

I
i

,3

o

,--1

7

[-

:2

7-5



,o N
.t,+q_|,,_) _t_+l+," _ ,t,+cl ,,+, _ ,,-_d,r+lS :lU;jt:'+tj.l,++o9 ._.to_ |Ptt[.t++ N [r:_r,"l

ii

+Z

u..

ii

.+

1.3

l.,.,

t,.,3
i

o

o
"p.,

io

o

i.+
o

E

,-i

o

++

411

<
E

(-,
i

.+

I,m

?-6



!!.1_ii

i!_li!il

5 !ili
ii_hli

_ii iiii

:i! iili

i:i ii_!

!_iii!!

_iiiiii
:ii !ii!

iill i_!i

:i!: !:E

!!:ill

i.: i![

,ii

I:i

aaq!l'_D u'_!pel:l ._,_cl 'ON2) 'adols :lua_a'L.l_ao2, a._ao,3 l_tUaON Fe;)o"1

ii

A
,,o

o

_L

1.9

.o
2

i

ID

o
1,9

o

o

o

,-I

u

o=

<

F,

7-7



.I,+qtlt+_) ut_lpe. H -I,'+d 't_ND '+dol_ :lUatatjj+o D ,')_)ao.:I |;+ttt_o N |rP?Jo'+[

,P.
i

)1

e,.

,+

C_

i

.0+

t_
i

O

t_

+0

+_

o

++

U

.+
o
t_

0J

<_

t_

.+

7-8



i:k

/
k
I

c_

o

I

7 7

ii

-j
c

-p

o

<.)

.+

o

.++

o

b')

o
,...3

++
f,

<

b_

%

7-9



.h_qTi._) _t_D._l .l_d _N_) ,ndol S _u;_!_T.tj_o _ ._.zoA" |z, tu.To N T_)o"I

r.-

*.o

c_
l0

I.,

(..)
i

al

i

0

L)

o

t.)

0

o_

t_

7-10



• . °

£

d

ii

o

d

U

L)

o

o

o

_h

o
.-I

L_

E

I-

7-ii



--4- ...... ]---- - F

i F

--4--- "'-r " --

i "

I

I

_[ .L

! .

i 'i
, ...... i ....

1

.... i.. .! ......
i

' i

I i

....i......$.:_

1 i

i )

q.!.

-4- -4--:_
'i " i ,

-i....... i

r

'! ..... i .......
i i

i '
o

e,l

!i :' t: .:ii:l]:il:i :

:: ": : !_ : _ : ]!'! _i! :

" "'. '.,. ,:; i[i

: ! .: ;l:ll, , ;
: :'1_ ::

: : }i i!: ili ,:;;i;iii ""

..g --._ .L

i 4_ : • :i"!_i

: I I_ !t ii 2 :

i _:_ . !. ] Ji:[]]:-._

i]] ]i] -::

]]] ]]_ i]]] ]i

]i] i] :]i

i!s ii! ii_ ii_
il ,;:_!ii!i _I!
ii _ i::ii:.i

]:i i_i:iii4
ii iiii ii:

: ; ::!i iii

=:i; !_i :ii

2;: i _ii::]ii
i_i !i: ]_i ii
:',] ]]] i]_ i_
]!i _]i {]_ ]ii
:! ][[ '_!; i_]

:,: ihi ]!iI

::i iiii ilil _._i

:?il

!) ',_!::_i!)
iiii iltl !i :i!

 i iI"ii;
;lt_l_tlil ::.

]]iiil;;,

:;_ !i!]:]]

;L25 _
:: x, • .r

!: i':[ _: !!

_:*!!!!!i!!F

.:; i :]i

: ]!i
: x

.I.,g_l_!_) _l_._p_._ .z_ d 5_N3 'adol$ _u_!.t]._3 _oc_ lmu-toN I'_o'I

o

T

o

c_

II

c_
u

0

o

,q

b_

7-12



c. o o o.

.laq_ivD u_p.e, d .Xad ,_N:) ,edol S _,o_3jjao D _mjo= I l.etu._obI i_o_I

it

,.0

ii

r_

m

u,

L)

o

m

r_

o

o

,-I

o=

r,1

[.-,

7-13



I
I
I

£!: :'i

i _ ii_

• 7:1H

i_i! iiii

_iil :iii

:. Z.

L_

4

Z

i_iiiii

i_i

::ii _ii _

ii!: !_:

:Z! i!i

i:£ :!_

: : :Z

iZ.

i:il iii

o o o o
• . •

aaq!l_" D u_pe'd aad '_DN_) 'ado_s lu_,T:)_j3;ao_) a_ao_ (eruao N '['e:)o"I

oo

"o
.

.,o
o"

m

?

o

k

L)

o

7-14



•la('l!l"_ _'_P_'_I -lad _OMO ,adol S )_I_}I;)I))_oO o_.Io_ I_U_.IoI_I IP.ao_I

It

A
_o

A
"o

u
,o

c_
n

r_

L)

r..
i

?,.
L)

L)

,,w.

cl

o
u_

o
1.,.,

E

fJ

o
b.,

o:

,I

p,

7-15



ifl_lli_lllTt

::::::::::
llllillflli

INt ::_i?iiii:
!i_ iiii 2;H[[Ii_i
iitl _,,i.i.llltiilt_

iii!!!4i!l!_!!!!!:
iili miitl:!fi_il_i_

i_7i i!I !_i!,ii_f!f!
4;ii 71i ;[.; I ,

I_ ii! : ,
,14! iNi : !_
.... ri!i:v: : :

ii!_ iiil :. :,
ill: iiT] : :,_
iil ii!_
!ii: !iii,mii,_iiiii
r_: 7El : ,::

iii iiN....: :,

iii :!{]

_]i 71i!

IY 7:] . .

U

@N
.i_q!l_ _ u_!p_l: I .i_ d ', :) '_dols _u_I_LI.I_oz) _.io,:I l_W.iON I_O_

li

A
t,-

"o

i.

al

i

¢..)

I,)

I:1

o

o
,-1

o

kl

[-,

7-16



._aq_l_ D uvTp_i ._a d '_N_) 'adois _ua_a_;_ao D aa_o_I [vtu._o N ivao,'_

r-

ii

t_

r_

U

i

o

o

t_

o

o
t..

g

t_

7-18



o o o o

Ii

0

0
i

o
0

o

u

o

E

g
,..1

2

o

<

E

7-17



i:1-1--

"l'_'l!l"_ _l'_!Pr_l '_'_d )ONz) 'ode'IS _uo!,)!.Ur*°Z) °_-_(),:I I_U-_aON ve:)o"[

o_

c_
ii

d

T.
L9

L)

o
L)

o

o

o

E

o
...1

_p

o

8

.I

i

7-19



t_ .. !1i ....._

_-i111 l !
i _ _ I i -_

i .
i • i .... l ''¸

. , i

-.- ...... _-- L I i

..... +--_
L

•.i _ !' : " '1

÷- i, i [

': !1 i......: ..i i.. L
i

. I i.._ , : _:

-7 ...... i

i " !

-;- ..... -_-

-_- II i! t
...... i t i .......

' , , I

_ i ii ....F
i

I : I i
_ 1 I | i/, i

• u_ ._[.

, ,t%_ o ,
.! .

n .

, _ ;._ ',
._, ..... , ._ _ "!

: !_2
.............. T i ,
........... !.

...... T • :

e,_ e4

i

i
i"
q

+i-

! .-

i

lc

I_

t

1

i

!
_.

I

i

i

1

i
i

i

..-_-

t

-.!-

!

e.l

c;

r_

T-

T-
L_

L)

o

o

c_

L.)

8

<

E

{.,.I

[-,

7-20



_o

c_

d'
c_

r_

L.)

o
L.)

o

o

o

E

o

7-21



, i '

i:ilil: '

P

. i

_......_J

_ %!I

.--L ........

--.:+. ...... i

----4----

" ".i --

...." ,..,i ii

_0 "I" o

.i.,] ....

il
- t'".!

•..!-:.-....
I

I

"i ....

i

:

n

-I--

-i

_!%

e

! , -

!

i

I

i,
i

I.......

i

_0 N

t

co

_n

L,}

L,.,

Y

o

I.,

0

I.,

,,.-,1

]

I,,

,o
F,

,<

-I

I,.
t..

l-'

I..

7-22



i

I

i

i

I

.4.,,

T_

\
-il

i.

_!i
ii
i

r

1

+ ,

-laq!l"D ul_lp_I aad '_ND 'odols :lua!ait+l°°D il3"i°,-'I 1 _tu'_°b,l I _a°'l

i}:5

Li]7

_{7i

i:ii

r>
Lg7
171[

7_

1717

ii:i

{:E

iiii

d_

3I

g

ii

in

t.)

r..
i

,3

i.,

m

'-a

i
t.,

o=
li

E

f.,..,

u

7-_3



i:i_1_

l

• l i

--_ ...... i =

-i¢i

• ;.4.__1

::_.! _ i_ _

U i-

Q

_j

@-
"I- l ¸¸

I _L_

' t

..1.._i_

Hi ......

"t ,_[
: " _ t

"n_
! .:

...... t-

L
.... f- .........
:f 1

i ..:}...

• . °

? "7 "7

auq_lvD "_!Pvll a_d 'a/ON_) '_doI_ I,o!:_!.U._oD .-._ao,.I I_tuao N I_O*'I

u

_9

o

o

u

7-24



UT7 --)iiiii

I ii::l¸ !;:ii

iii_I_ii!IA__!!

I [ i

_!i1 I i

L::I. : : : :

.... I.. @•-.4-- _--+---

]Hill , .

i '

__.+-.-

,...I

!::!!:!i ! ..... i _

I

!

i!i

o o T .

•I,+qtt_2) u_+p+'d +,+fl '_N D 'odolS lu.+, +tJJooD o+.tocI l;+tUaON I_o"I

#.

A

c_
ii

i.

i

o
lJ

i.

o

o

2

g

<

i

II.

7-25



:::1.:::

_!iliiii
s:_s

ii:!Fh:

!_:i i

i :¸ F

...-4.--

E

ill: !

i;i_1I¸
F_ - 4--

_:::1:_ !

i

,_-_

,,-.4,,-.

- -_----_ --4---.
-.p I_

ii
_LI .i.
ii::1 I '

P_i:i I

; I
i i
-;-F ....... i.-.

, i I

I .

i :

i'::...... r'"

li..
o

i: i i:_., i ....

-ii
._a._

i :I
t
i

:: :L::

I

t

t

•' t.--

..:-.

_..1__.
i
1

J

i

i

-- ii

ii

U

i

U
i

I.,)

&
o

o
r..

,q

o

I.)

i

e_

o N
'_'_q!l'e_) u_!P'_l:l .z'_d '_" D '_doIs lu_!a!J;_o3 _:).zo,..T I'euJ-_ON l'e:_o"I

7-26



:::::l.x

: :t :

l::i

._aqH'e 3 u_!p_.N ._o d '_MD '_dols _:_J],_oD e_-_o_I Iet.u.zoN le_o'I

g

ii

A

9.

o

®

o

E

,-1

o
u

r..

7-27



-..i'

!_i__ "

i

>i I

:'I _

.::..L..

!:!. !

i I 1

i i

_I_7
i:+--.::I;_

::::l:::*F
! !

"I I

: i i

....:.... 4-.
i :

i i

.ii..i.. i

I' !

:i!t......!.:_,
, i i
i:.4 i.
i :

.! ii;

.i_ :.t::U
:m "t--"

..1.._

..:..

.!.

i

_-+.

I

.-4-

U

i
:

o _ o o o o o

i i i i

ii

u

0

U

i

L)

o

0

E

<

8

F-

_N

7-28



ii!i

ifii

iGi

i!:i

i:ii

i

ii7
iii;
:iil_

I1
, _

;!

.3

:;H
H;I

ilN

911

O

I

ii

A

i

U

o

o

o

i
o

0 N
.l_q!le_) ut!p'eH .i_i d _# 3 '_ld°I9 Iui_!:::'!;J_°D _;),,ioA" I'etu.ioN l'e:)o'-I

7-29



---7-U ........ _ ! i i_ I i _ i!:li ii ¸

-! I i ......!:_i-_1......i--¸_--" ii -I • '_:_

• _' _ il]-i "-r+ --F- ....It-- -

; i ....... ]• T: I
!

i
......._.... _---._-:---_.-- _ f,-1,4I_ I_

..... ! i ; I _ N N N

: : Z Z Z

- _. _ --.-i ..... _ -- • ¢" _ _,.

.....i_ =___ __

_ : I,_ i • ,_.

[

i + ! I " '

_-,I ! i_] _ T- ,,
"- 1

i .....

i c. ,_i !

_"i I ..... , _! -i .....
t

--.,-i i,.,:i _ , _ ._ .......
i : --I....... ! •

: : , : ,
: : ..: ..... ___ ...... •

o o

:i _ i_: :, _i_!_

: : i

N i:i::

::]! '::2i

• _ _

_ i! i:i !

2 iii iili :i

i¸ ii ili

o¢
UL

II

]

!:i: :!ii

_i:i!_ii_.

: ii:; _ i

:IL_ii
:i_ii_ ':

ii!_ o !

i:i
ii _iI

[i!i £i

:i;i !:i

i i::

u::|

.:_:1

..2

_2

i

o

o

E

U

<

o
U

r..

aoqtlt_ ) u_etplz_d a= d _'_N_) ,adol S _ua_3_.l]aoo a:_aoA' leUaaON l_e_o"I

7-_0



T _ -'C7 i{_

T}:;i!ii
iil ::, :f
_! i:ii_ii_i_
iil :x, i ;i

_! :,:ii_!ik

"'!!:" _ii

'!!! :iiii;
-<,: !;i

H_

_iii •

i:i i._ !i

•x _xi m:

i: ......

_-< .i_
iiF _ i : x:

iiii / i/i ii_!
i!:_ Ei!il !;il

ii] ..V{ _iii

_{ii ...... :x.- ,::.H ::x

i!x -H_ ....

iL -_ :! i

_i : L I

iZi ill.! :i:

iili ¢i:_ ;;i!

ii:i iki i_L
k:i [ i :

- iiiii__

Lit ii:i!i

19!

/2 ]:! ii

iLi..L .:_.

iii!

iiii
;u;

iiii

tt

i
I

..I

iiii

!9:

iAi

.h.H

iii:

ii!i

LI

5!

H_

!F

<i

:!i

:i

X

91

i:

t

;:!:lqF
"FI-";

"'i;

.j

'!¢i

.,.,.

i
: 1

H

i

i

I

i

; xl-

i

!I:.$P.
;:;:1 !

::%

_._×

i:¢|

I

--h-

I

._aq!l_O u_!pe'd a,_d _N D 'adolS _ua_3!_I_oEI a3ao...I ietUaON i_.3o'-I

o

i
Z

U

L)

i.

£
.o

.D

i
r_

o

E

,J

U

1.4

o=

i.
<

i
¢J

M

[..

7-31



i

=

o
U_

E

,-1

U

D

7-32



::::I::::

_!ii iii:

!iii iiii

4:+

ilii :_;

:ill !_I

:n:

_N ....

5H iLi

i_ iii!

!i_ W!

._ iiil
= ii)!

!_ iib

ii!i ii!!

ii_ ii!_
:q: ....

i_! I!L

iii? :iii

W_ iil

i[:

ii!i ii!!

ii_i ii/
i:_ if:

2: :i

ii! ii:
ii! !iii

!?_ ii!?

!! !:i!

_ _ ,_:: :: ._,

!i_ !i ili :;" iLi ::i::_!lm_

.....__!
::': !! :S !iii!:: ii_i!_!_!_
ii :ii:.:i ::i:.:.!iii :=m:.:=_":_..Fi!

o

,.g

u

A

A

o

u

i

m

o

U

<

O

e_

10

7-33



J.,

0

_n

0

E-,

o

,r

o c o o o o o o o o
........ L_

a.*q!l,!D LJe!p._ a,_ d 'O,'q D ',*dol_ ltt;_!_HaoE) a:_ao_ letUaON Ie_Ol

7-34



! :.!i!

p:_i_:

!. !.:

!!_i!!i!i

•i :

:1

-:l:i

" I"i

l

i

i

I :

....

-_4_:

I i

;I ?

..._.

,.-.--i_

I :
:::1"::

it

.Q

.

>.

?

i
iw

L)
i

o
L)

o

m

r_

o

o

k

L)

8

Iw

i

.I,_q!I,_:D ,t_!p_,_ aa d 'TNo ,adolS :lu_,!...)!i.i_)o_,a_aoj i-el_.UaON ie:,o,-.i

7-35



_:.1-:4 dX!:M Xk _X:_ :_: * .....

.... iiii_i:_liiii

:iii _l'.L ''_::

I IG' r J_.;..L ......__._

. I__.:.L, _L..L.-'i L.:__Li:.

I_,

I

: i i:

i.._ !:._-_
I 1 , :

I !

i '----

-'T: r

_.-_._t__,,_;i_.,___
:f.- L:

.... .....................................LL_
_L:Lt] i I 1] ':

o

iiiii_ii
ii:i :i!

_1_, ¸ #

xil

- 4
.... i

: X

iw, L_

i:

"7

o-

il

U

I..)

8

o

o

o

5

o

,-1

Jaqll'r:_ tll_!|_'tH aa d '_'ON[:) ',_dolS _u_13!jjn_O a "_ao d letUaON lr_oq

7-36



o o o o 0
• 0

It

_o

L)
l

i

L)

i

_o
¢J

0

0

0

¢J

o_

l

7-37



o

ii

o

m

o

,-1

o

b,

,o,_

7-38



::Jii:,I_!
ili_l_i
i!iii!_ii
_I_iI ,_

:I::: I:::
!I!Z :

ili:_liii

'!"" F
:j:::

_r"_ i-._

IZX !::_

_.,_I_._,

I .....

!...... :
I:::: !ik

! . i!:i

1_!:i::i
I: ;iE_

Iiii:£

i:i iiii
:.. ii

:i

:: il

?!! ii

_t

A
,w

t_

t

t)

o

,w

.o

,-I

t.)

o

3

7-_9



i_:-_-i.-4
i J:_i i i

-4c_ ,,J

i__-I X

q.4..+ J

:l?i

.!

I
' i

I

i_I

i

ii

_o

+

i..

l-+

to

o

o

+_
..I:+

m
+_
i::l

o

1.,
o

i-,

iJ

r,'l

I.-,

.,p

&

7-40



...._ilir't"

::::::::I I_

iiiiii!i_¸

:" i' I:"I_:
;!i! -

ii!iIi_r_

KIIiii
I:- Im ! !

I;::i i

_. Hi
, tii_I'Fs

. . !::U_7

Im t::: i i

I:;: I::: i-4.

_::i g: i

[_?I': i i.
i.i., i 4

__ ! !

!i_!. ¢-!:;

F11: i

!i;111:.It
o o o o _• 0

• oq_I_ ue_p_'d -fool ,_N_) ,odol S luo!_]]oo_) o_o._I letu._oI',I I_OO"I

II

A

Y

n

¢,.)

o
T_

o

o

i

7-41



t_,liil'_i:_I_I'_'' _
i+e4 -_

,1--] -Z

--a I

i_I / t -__'

2

I :"-2

;2 ; I

'+i +.....
+!:

.... x

m u_ _

= ¢.= .- e_

i Ii i !I

m

o

.n
=

e-,

u

E

Z

o
J

5

E

ca

Ul

u_

•I,+qlU':) ,+Prl+'O H .z,+ d '/_N_ D ','_¢h,15,; ltl,+l+_lll,l,+D ,_'_,,1+_,_ I_tl+l,lOS, _ (1'.++¢I

7-42



&...

E

il

,'ll

_>

o

J

0.,

E

u

3

ii

<

E
:l

ii

,T

ON
-I_q!li'T) t_!P_8 and '# ' Z) ',_dol_ lIl._131JJ-_°O o,_l.lOJ, l_UaON i_t_o'-I

7-4_



f,J o :_

x

I

I I

I I-

I I

_.÷

_i iii

ig,!Li

gt_tl

UIII'_!I

iiI_iiil

N!

i'

i

t

.2 ..2 ..2 d o' d d

d

o

o

CI

v_

o

o

_5

o

r,.

7-44



il

==

¢;
ii

IZl

.

o

m

o

o=
e

E

P3

-_q_|_O eu_p_] -:acl _N 3 'luaF_._._o:_ ao.=o_ [vu-z-tON l_On"I

7-45



• °

i i

:L,.

!_::.:;i!!

:m:i41:

t :

:i: i!! i::il

: :i!! :!:

i

.-: .-: - ,s c; c; c;

o

A

¢;

o

m

o

e.
,<

o N

7-46



o

ii

ii

K

o

,-1

i

•_aqHe D u_Tp'e_l -rOd '_N D '_dols lua!3!jlooD a3ao,..I ICulaON 1_3o"[

7-47



!]3

iL;
't _i!;

d!
..i
•-.i _x

:!!1_

3 ....1!:4

e

::. :..

!

i

._

i-
I

i

i

..2

Ii

o

d

_b4

o

1,1

K

o

Z

.S

<

E

_N
.i ,,ill,,{) lll_!pl'_ _ .la_ I_ ' {_ '_dnll_ lil,_!_lJJ,_l__'j]l ._;'l-lo.:I ll_tl-l-lolkI |l_-_°"I

7-48



11

ii

r_

o

<

a._q_le D u_p_kI -lad ,_ N_ ,adol S ltla_}}0o_ o._ao.:l ImUaoNl [_ao_I

7-49



ii

0

o

i.

_N
.I,iqlll.;) lii_ilJl./i .ia d '# _) '._llq_g lli,li _l ..l<,L- ) ._.-._o_ ll_lu_l;iN li "-3o_]

7-50



• o o o

_zz_

ii

ii

®

I
o

I

o

o
z

,-1

i1

I

7-51



_J

_ U

: : :: :

_3

_NtNm

tittttit_tlII

_4t ,

;:!!_!!L_;_,!'I,

i!l_hltii!_ttl

;ll:71fl.i;:l t_l

_i!iiii!ii_lii!

,i

ii

_o

ii

I

o

7>

f,,,.1

.I
i

ON

7-52



c_

o_

,,o

ii

,m

o

o

o_
@

i

• ° . ......
N N' N _ ..... 6 d C_

_N

7-53



oo

ii

o

u./

o

o

8

E
h

<

E

a

7-54



i

::/:
1

!!!1_
I

Hp.
i

!!1::

i:|! _

iili_

:it::

i
;|::

i

I

i

i

i

i

o

ii

A

,,o

ii

121

m

o

o

E

al

=

7-55



_" ,.4 _" _" _ _ _ d d

...i

i,

t.-

A
..o

ii

m

.g

m

_3
g.
o

m

E

m

[..,

i

7-56



o

°

o

o

o

o

u

7-57



.l,_,qqp:) u_lp,_/1 .i,_ d '#I1N 3 ',idOlS lu,'l!::l!jj_io 3 _i;_,,io_l letu,ioN l_:)o"l

m

III

I

ul

i5

i

7-58



--_ i:i _

--4- -±-i " "

Z-- i

: .I I
---e"- I
.:...! ..... L..._ !:__: .....

:1_

ii
i7-'7 ""-'+"'_ n_

, i
_:1 _ .....

; ! t

•

• u ,1 •

iii

, _ .,.

.. . ,_

_ 2:n:
_ ;41

: 2!:

ili

-_-:t ................

i' _ I
a:i:I ........ ,._ _..n

' i F

; 21: .:..L_ :.i

!..I. i | i

i;

U

£

!:i
n_

::i

:i!

:il

:t

|:_

;_i!if! iiil
.., El _ffi
•.., ::

!_!::i! !iil

!ii !iii i!:

ii{}it!_i

!fi.li_!_'i
il :i:-i_i_

u: "

!ii iii_iii?

ii_iiii !!!i

_._. _,,_

• 1

' N
sg_,i

ii!ii::i{
ilii ::.:

!_I: :: ;d

i[ ;i
;!i i:: ii

!!ii ii :ii

i!ii !ii iii

ii!:._: ii
:!!! iii!

!
)

. .n

.laq!Te D ue!pl!_l aad ',_ND 'adoTS lua!_!JIaoD a:_ao.:I l'eSuaoN lR:_o"I

g
c_

Ii

g
0o
c_
ii

o

-a
E

o=
@

<

¢v

g

7-59



fill

...-_-..-

I:::

i_ if"

--"--- _ X
i :i

-_. _

_!!iil

:_Ii!i

H_

-I_T
i

_..: _

x

;t

I,_-F

21ql
li:t
i:' _

[i_*lil

: /i

! !

t

R ¢z_ o o o

- ,'7 ?

o

11

_o
u

a_

11

o

o

I.
o

Z

,-I

o_

<

F,

7-60



ii_i

ii:i _:1

iii_oo

!!!i

_ii_ i_i

!iil :'_

JoqlI_ u_+p++'d JOd '_M 3 'odoi_ 3u;_,+3!jj+o_) +3._o_ I I'_tUaON ['_3o'I

I

\i/

o

_s

"d

_o

,5

t_

al

o

o

<

"d

[--,

k,

7-61



I

V
I

g
..2

u_
v

A

¢11

o
T_

k

0
,--1

g

<

[-,

7-62



_ _-- 17T_̧

i:! !_ i!: • x.

!!i ii i_ ¸ iiil _i

:: i_ i! !iii iii

iii iii!i!i _iii !ii

!i::i_ !iiii! !

i! _:i_:!_: :/i _:

_ _ i_ _ _!i

_ 6 !!7ii! ! !ii

_ iiiii?iiiiill
7 iili_i!iii!ii_
i_i i_i_ilii iill iil_

!_ i _ i_!i _ii !!_
-_ _ !i!i 171 !!

:! i! i}}}i}_il}
: _:[_ i}}! ![!

ii ;i i:il i:i_ iii

!_: ;:ii!:!!!!!:_!i
11--: ii :i2i !_ii illi

....
i_; ;!!i!i!!:_....
LL _i: ::* :U! _HI

_: ii; :il i:!i g_i

::il _i: [_ i:i

-r i)i]_i!:::2i_

:i{
_ I '

z _xa

,.i_ e

,.) 0

i. !L

Ii

°

o_

II

0

0

E_

g

ON
a')qH_D up3PP'el -_ad '¢ D '_doI_ lu_UJenD B_a°_I I'_tu._oN I_aO'-I

7-63



co

lJ

o

J

o_

<

E

H

7-64



i iii:|L

._|

-L_

_N

2.2•

___

i|

_ ;

| _

!

il
÷-] -.
I

-21-

i

i

-i

.2

1,

ii

e_

o

E

r.

b_

7-65



_'_itilii:lii:i_il:i
ii_iti_l_iiilli_:_!__i_i,_,i_:,
_%,_i__-_-__l_t

:! :;'_ . . _!

I._L_

--.+ ...... t

.__-__,

i

I
|

I

r

.2"_

I I

:: F:;ii :i: :
::_ :::: • _;!::i_t_Hili! ....
: , i, 4-:,,i.,
. ,. : ,:.

! i!?i

ilii_ :;;i :iii:.i_ :!il

'.!i:.{i" !_"!_"'_! _ :!!:

!:i: '!' _!_ ''!" Li_

i i i

:_!_ I:! _-!_r!} !!

1

I:!1 li:;l_i

: :::

o o o o o

o

U
i

el

L)
i

U

0

I,I

lo

,-1

it

ill

8

I-,

.I _1_I_ u_p_)_ .l,)d _ONI_ '_do|_ _u,_ _))},_c)_ _)D.IO,, I I_t,u.loN 1_o'_

7-66



A

-

0

?

o

o

o
k)

,,o

7-67



_i_.+_::_..... !ill!!!1!!!ii:i!_ _ !!!__+:_._.."

..... ._._:!_ii

::i::ii. . i ;_i!! iij ...........ij :J ililit_)_:l:::F,i[ttt

t

.... _ ;_t,hIth ,I;,I,1__,I,,,.I_-- t_

' : +_mmm_ ..... _ r_ _ii .......

....... ,_: .i,_iii ... ++iimmmmmm_ll,_+Iillii!il
_i ' '_ _i,_ _L+ilIlIillllllllilii!l!_:l_::i
___::..._'_:i ....; ! _!!!.I.!!!!ill!!ii!!ll!ii

,+_ _i_;;;;_;_; _.-T ............. _ :_'.'.::,

itt!t!_t!,!f,_t!t,l_td+.ttt !!!

. _u!,!!III!IIIM_II!u@IilIMM!I!+!i=_=i;_,_'_ • ,=1',i]: ;_':i!!! .....................

i,i ,i ttt!,,,ttJi:litIi

%.+i i_: _ o _ (_ ,,_ lll_iHIllllitlllillillitfltllll I,
i,',.._., i !,i= ll@_H,ititi!_

, ,':I = q .... tttttit: _ltlttttt iii
-2" i

._ _ _ & . titittli/ifttttti ilii
i _- _ _ _ _tlt!tttllitttttttlih
..... tttttfl,r..littt!tltttit_

"_L. _ v o o o tt!tt!_i!!:iitliillilJt!
i i t+_ _ iiii i i 1,1,,!!i![ I

!J_+_!:_i....t...t_._ ; =i,i i+i+i_::I'+'
iL _]Ji;:J:.L,ILLII.__£.J

d

?

v,

o

,i

..i

i
,I

!
o

I>
,,,..}

i

I

o

[..,..1

I...,.

_,,q_ir) u-!pul _'_d ,_>I_ ._ch>l S lUm._ "_3 aa._o] i_u.zoN le._o"]

7-68



[ liir_J_iiil!__,_l
I

I
i

I
i

I
I L

I

i

I
iiilii ..........................

.IL/

o

,]

:,!

,_ o

!!;;ii

g;e
g_

r" N

_4

J :ill

!: ;!!

o o

e.

u,

r..

8

0

,-1

0

7-69



o o o o

U

¢d

l.)
i

B

E

u

3

nl

3

i

r..

.laql|_ D ut, tp,. H ja d '/ON 3 ',ado|_ lu,_t._lJJaO_) a:_od l_lZaON l_:_°"I

7-70



.&i

:!!! !ii K

I i I i: ::I,,

=I i _ " ::_

A..: , :i !-

.....! . i,!:::
_I _ _ :.i,i

. :x. •
.... _: i ::!-. -!... ii: lii!i|_:

.....ii:..tlih!:;
_l !illi::'._iiiii:

: I i

...._,, ....... _ I_lii!

T _?i-i-i4ii_i
-4--- _-i ii:_'_ • litt] x

_:I ::'_:"*: I:I

t!:-!T .:°_
i • _ > i.... ; ....... 1_ _ _ g-

J:t :!-r!-: r

I

_2

8
0

0

0

E

?
<

0
_2

I4

.zaqIl," D II_pe_l aad _,I_RZ) 'adnIS _lua_HJac'D aaao,--I l'maoN l'_°_'I

7-71



o N
-'._gq_'D u"!P"H aad _ D ',"doTS ]",_tatJ'l_°D a-_a°,..'I T_'u-"_'°N l _'::'°_"

ii

A

.o

i

:o

.r

t_

E

Z

,-1

l.J

7-72



.2

ii

i

U

U

,.o

171

X
o

o

<

o

i

,ID

ON
.t._(l_lr?D tt_Ipr"¢ I .tncl 't _D 'od°l_ "_tt_._ljJoo_) ;_3ao.:I l_UlaoNI 1_3o'I

7-73



_!_'_ !! !!_!i':l_l:¸
i :V:t ¸:_ t_ I

i _-] X '

2_ _
° ° FI',!- c c :;;

.... I_ _"g: 1::

:, :1.:::1:::: -I ,.t.

_d. o . : I ;:l!_fi
--_ .....
: : i! F_ . .

F.
,. !- !'

i i,
-=- I I ,-i

_=---h_ I:i
FF " __l!

.a4--, _" .
a._ _ m H- --+--

-4-- " I '

i
: ; I I
: !

o o o

ii_i!:ii

i![_:

ili_i!ii
:: i!i;

i:ii_:i
i;iii_i
i:iiii:

ill'

iiii_

i!_iiii

<?-

i!!! :_;i

i.ii_ii

N i_!i

'!:_]Z

...._
i_;iiiii

i!_i!iii
_i!iiii!
: :i!

:il !:_

!!!ii!!_

!i_iilii
i2 2![:

ii. :ii.

);; E!:

:i :ii

i! i:i

ii! i:?i

il !:

I

I

o

--r

o
c_

u

L)

I

o
L)

o
T.,

o

o

I.,

,-1

i
o

1.4

I=,

r--

7-74



o o o o o o o o o
.... ° . ° °

/ /

i

_3

g

e.

0

2

t_

.tOq!l_ D tre+p'e'fl _*_d +_t3ND '.-.d_'HS +',to+::)+jjoo D a3ao.T I_'uaaON I'e_o_'I

7-75



...... °

i

_3

o

o

ca

m

i

t.-

.+

ON

7-76



{:) c:) o o o o o o o c:)

c/
tb

L}

.o

J
)..

-g
L}
i

A
{.9

0

0]

).,

o

a::

.g
L}

"8
u
¢)

[.-.

r.-

a,')Clil_ D tl_,_p;?8 aacl 'lI:)N:) '.Bdol_ lllsT.')IJJ,'O21 '_}1°,_1 I_ttla°N l)_o"I

7-77



, !

g
..2

ii

o

U

U

o
T_

5

o

g

,.1

U

a'_qH P:) "mP_H ._._d ,ION::) ,.,dnl S ltz_:_Ujoo::) ._:_._n] l_tUanN le3O"I

7-78



_t

A

o

_2

?
i

i

o

£

I

g

_g

7-79



+.+, !!))

;::: _! ttt

_ : /,

......... ,_Itl

r/

tt j _l!!i/

,i::

ii!ii!! iil

:::!!li iiii

;4:

o o o

u.

U

x

8

o
.o

0

0
Bu

J

¢)

x
o

"8

r_

"I')(lII":) ll))_l)r'}] a.)d '/ON::) ',_dol_ lu._t._tJJgo:) ._:).In 4" ]t_t1.1o N [r):)o" I

7-80



lili [!ii :l:_:E:::

tlii_H

....i: 4<!_._
Iiiiliii: i _:_:

I t ] I I

i i

I T

:]]i li][ ]i]]ti!]]l]::i:

..! !

I :r i i

:t:!, :;!_!i!!:i_

 I-ii
::flu [.... •

:ji [>:_:_

ii

A

U

o

r_

o

1,4

,-I

8

o

M

7-81



, , i i

! i :

b i i

: I 1

_ I I

I1
'11

l!
t i

I I

II
II
11

II

::: 11
::,. li

iri II
::l li

''1

II

I1
" I1
, 11
i II

II

il
:: II

': II
,11

a

el
• o •

I,.-

,m

o"

c

i,)

6

o

o

E

tO

<

o

¢
<

el

o

I.,.l

U_

7-82



-Jill
11''Jill

_ll I
11':
11
IJ !
li

I

I

: : I I

: : : +

: : : : II I
I

f!!iii

; : ! ! ; {

I

iii'i;
I I ! ! 1

I

1 i i , I .

!!!!rl
Jsllll
IIli ,

_lillll
I I I " " "

' i ; ; I I I

!!!I :_

JlJi[i
!!!! ,I

!!!! ,

Ji i:
ii ii i

I I
I

I I

I

I "
o

rl

;:111

;I+!!

311

_iiiii

i_II:!

,:::::

:::::

I_!!!

iM-[i
i i t_t, +

iii)g
iii)k
iiiiii

;::::

:::::

;::::

::::_

;::::

:::::

: : : ! !

: : : : !

:::::

: : : : :

.t,+q'tt'e D U'RIp'R" d .t,+ d 'ION D '.')dols :luaT:)TjjaOD o,::,._o,=-I letU.tON i'e::)o"I

Iq

:m

A

P.,

o=
u..

ii

m

L)

i
14

T..
L)

0

+,.3

,..+

O

)+,

co

ci

0

++
0

-+

L3
,P.,
,<

o=
0J

"8

F,,

i

++

130

1.,+

7-8_



c_ o o o

_ "7

a.)gll' ..) u):!I)L'U .I._cI 'I/).'K_ '.')dols Iil.')T3_l)_.o_) .),')ao,: I i)-(ua(_NI [_,')()'=[

c_

c_
H

o

v.9.

o"
)_

_n

r..

o

x
o

).

-g

-I

).(

<

=o
6,)

t'-(

'8

7-84



g

ii

Z

-

o'
u

0

o

o

o

0

.<

o_

<

t_

F_

7-85



I

o

:H

v

ii

i

i

i

g

z

.-I

_a

•h_qlleZ) u'_!pe'd .1_ d 'jNZ) 'adols "lu;)'tz,!jj._oz) a._,ao..l le,.u._oN |_o'q

7-86



titII '_ 1 ,

::1 _' .......
I r_'%

:: : I[ !!
fJ

.... rt'
tl

:_t J[ ii
• It _ i

' ,J i i

!! I ....

11 ;;' ]I

: : ; : : 0 • I

ILL-

J i i .... ]q[

,, J iiiii iJ
ii I i;;;i ;i'
t I L I
I' 1" i : : g o I I

r, j i_i:
i 1 !!!
1 I

JJ!ll !:Ii:

' I 1
_t:: IJ
] I , i

I

o

|

I '
I :
I '
I :

• o

o

E

o

i

l.)

o

o

o

E

z

0

U_

V-87



r-

;i

J

l

l

o

m

o

o

@

i

J_q!l_ u_p_,_ _cl ,VN;_ ._dol S lu_!oUi_o; D _._o_.I I_UJJOI,,l Ixoo"I

7-88



I I

i

I
I

H

0

0

0
T-

]

<

<

el

b,

o N
_,_qTlizD u_TP_l -_ad '_' D 'adoI_ _ua_:_JJa°D aa-_oaI lVtUaON I_ao"[

7-89



c o o o

2

10

m

U
i

m

U
i

o
U

m

o

o

)

<

o"

a

_"'i! l'_J _'Plp"}! a,_d 'ON') '._do[_ lun13_jjoo_D a:)=o.l' lWUa.*oN l_a('q

7-90



o ¢_ o o o
• . • .

A

,o

w

L)
i

.o

r,.
i

L)

L)

0

r_

0

E

Z

.J

L.)

.<

o=

la

[..,

i

r..

7-91



e o o

I

I

is

u

U

i

U

0
U

o

g

E

0

el

i

•I,_qll_'2) tlP!p-_:! .lad _,'q_ 'adnis llz,_1.3t.T.l,_c_) a3._o,.I IRtU._ON 1_3o"[

7-92



I

I

I

I

0 o o o o o
• . • • •

J t

d

u

u

e_
o

u

i

k_
P

0

0

h

0

k)

o=

==
<

['.4

7-95



o

I

o

N

A
"o

o=

_D

cS

L.)

L_

L3

L..)

o

m

cl

o

o
b,

i.

L)

o=

b,

_J

.I._rlH_") .Pxp_ .I._ d '_ON_) '._dols :tu,_T.'_Jg*o_) _3Jo,.-I leU_._oN I_e3o "1

7-94



A

L.

k)

k_

0

0

k)

<

<

u

_N
.t+qll++ 9 ttr_+l>? H .t_a(t 'j +'+) ',+dOlS +lu_T:++JJ'_°D 03.1o,_.I |trtu.loM II_3oq

7-95



!

i
i

i

Li
E i

I

iiti
I!
I t

ii
il
t
I

1
f

F
i

]

b

L
[

L

:

i :
I :
i :
[ :

I :
I :
i :i
i =

j '
I
! =
t

!

!
i i

i :
• i

i i i

i ::

! I
i i

[ c

! '

,, II
,,It

f

"H[0
II
1]
11

II
ld

_,=0,.

L

o o

e,i

..2

o

u

L.)

f..

L)

o
U

o

o

121

o

,-1

.<

<

g

a _,plt'_) u,'Ip,'} I .I._d 'ON:) 'adolS lual_JJa(_) a _.[o{ lmU.loNl le-_o'I

7-96



lllllll '

. IIlll .
'_lllll i
LII.[III _'

tl!ii!l _':
L; L

..... it

[11::11 t
!!]: :!!i

I i
: = : : : , i

[i l[Jiiil ,
11 ,,,

::l .... i
fiJiiiii
•11I, : : ; :t . .

I

i'iiii,,• . 1 ....

!! jI!ijiii
: : I : : ; : I I

i .... II

I''iiii[!1 ..
_:l!!!!::

I

i_iiiiiiI'llli

.l!!!!!! _
i I_iii!ii

I i i ,

ii iiii .
i i i i : : ! !._J_

; ; : ," , : ; ;; :

; : :I :1 i i i o

; ; ; ; _ J I _ .

iiiiiii_
.... .,q

• • I I . . I . .

.... III I?

i iiii l ,

!!!l ..:.:
::li::l ]

I " I I i

Iiiii :_
.... !

N

-laqHleD ueTple'd -tad ,/ND .adol S :)ua_:_!_!aoZ) a3._o] l'otu.loNI i_3o,"i

.=2

I;

A
a0

A
"o

..o
d
b;

e_

k(

L;

O

X

r_

}

k)

,.=l

]
-g

o=
¢0

t,,

"8

b,

i

7-97



ii

w

i

u,

_3

r--

o

0

<

<

i

o
._uqHe D u_e,p_,el .fool ./N_ .sdoi S lu_!_,jjoo D o_._o.:I letO._oN le_O"I

7-98



I

I

.zoq!U_.-- ) u_Tpe_ I a_ d _ON D ,_doTS _lo_3_7z;oD o3.so,T l_eu.zaobl T_.3o."[

o0

c;

c/
ii

g,

-g
L>
i

t¢

h_
i

L)
t

L)

o

m

o
k,

L)

¢J

_t

h3

7-99



\

I I

I

tl

u

o"

e-,

®

U
i

i

U
f

'O

.£

Z

,4

e,

',3

o c o o o
, , • °

!

_'_qtl"D u'qpr'_l a'_d '_NID 'adnlS l'.x0t._Hj,_o' D a_,ao,.l i'euaaoN T_:)o"[

7-100



o
c _ o o .

• . • (_I

i

It

-=

o£

c_

o
t

t-

O

0

o

0

c_

0

o=

7-101



o

_j

I

II

I

IA.II__

o o o o
• 0 ,

i

o

o

u

_D
i

J

CD

o

r_

o

o

o

<

?
<

_a

7-i02



I

o

ii

e_

m

,

e.

0
0

o
0

I:1

o

,..1

t_

<

<

[-,

U_

7-zo3



• ° ° °

,.., _ . "

.z,_rltl_ 3 u'elp),_l .zo d '/ON. 3 '_dois l_),_'_.:)_jI_)o_ _,:).Io..:I letU_ON le:)ol

ii

A

o

ii

C_

w
).

i

.o

i

J
lJ
t

14

r_

E

,-I

..o

o=

'8

7-i04



o o o o

^_

g
..c

tt

A
_0

g

tn

o

i

i

0

.o

E

Z

.J

o

<

_N

7-105



i,: i
I : !
I '' [

i

•I _ : )

ii! i
I:; i

1 i

I ' " I

II

it i
ill '
!m! i

: t :

; ; ; I

'' [ I ;
I i L

'II

,+Ii;,

L 1 1 I

, [ • ,

!!(
_JJi
iill
!JJ]

I
I

b x

0 o

I'fI

t
i

1 I

o

o

o

i

J
i

L

V

[!'

'!
I '

h,_-

! |o._"

|

I II

,¢c_,:

i

J

o o

_N

I

[
I

I
I

o

o

u

T

m

o

o

m

)=,

3

D

<

o

"8

o

7=i06



Ill

o"

t_

o

u

?

t

..¢

o
i

t)

..o

,n

o

r.,
0

z

,..I

o•

o
L)

i

o o o c_ o• . 0 °

7-107



,D N

o

11

A
u

0
i

i

i

6

o
T.

1.4

o

o

10

I.,.1

7-i08



o o _ o o o o o o o

_oqII_D u,_!pe_g aod '_N D '_dois _uu_._]lloo D a_ocl I_uzaoN I_O_

¢:

m

¢3
,

i

?

o
L)

o

o

&
o

o

¢2

o_
¢)

3

o_

7-109



i

) I

i t

I1
it i
i I
i l

tiJi

i'
1!I
[11

il
II
I1
i'

I

1

I!I
II

I i

i,li

i!
i :

ii
i!
i i

I I
I1

il

ii

!!
1 1

l!
I I

II
11
II
I1
11
II

!I
II
11
11
I1
II
11
II

-2
-r

m

m

m

I,_'PIvD "_qP"_l JOd 'tONID *._dolg _[al _Tj._oD a._ao..l l'_,_USON |v:,nl

Q

g

?.

U

L9

.9

a_

o

,..1

]

ip

,<

[-,

7-Ii0



!!llii
Ifiill,,

!!!!ll

li!_i! ,

''II

:i!i!jj
ii

: : I I , ,
I|

,,II''

!!!!j!
ii

!i!Jif
_:11,,

Illl

wJJlli!!!!
I1i;

:::!II
,,llil
]]]lii
!r!!_t
lift I1

IIII:;

::::!!

_!iiII

_!;:ll

::;iii

ii :''

o o o o

._,',q_Ir:_)t[,'_pr_'t_.za¢:[ _ND ,_dol S :lu-_!:_77ao D _:_Jo,..T'['eu_.zoN ue:_o'-T

"7

ii

L)

i

L.I

L.)

o

o

-.I

¢J

o_

,¢

o
¢J

.j

[=,

7-iii



.=

I

U
I

o

_o

o

I

0-

t..

7-112



I ! • " '
, i i

I I : : :

: : : :

. ill
I I t

: : : i 1 i I

:::111!
,,_!!l
jii_il -
':': III
.., III

:: Iit
"II
:. III
_i ii'

i! ii
!J ii

III
ii ,,,
: : I ! !

: : ; : I

: : i I I

'3 q
: : ; I I

: : , : : : I
I

I

: : : : :

: : ; : :

i :: i ii

iii ::
-J _

- .

•_"q!l":) tH_p:_'d ._-_cl _0" D 'odols lua_:)!l]_o:: ) _:).1o,_ I_l.u.loN I_Z._o"[

,.J

u

I.,2

i

L)

(,.2

.r.

o

a.

i.i

,,,,.1

14

13

o_

,,11

I,,)

1,4

f,,-,

1,1,1

7-ii_



•z._qIlt"j "r'U_t'H J."rl ;"_) '.-,dols l.o_',IjJ.In_ a_.zo._.I It'tz.IJoN Te:_o'-[

o

t-.-

c;

tt

A
nl

0
l

t
1.4

o,

I..)

e
0

i:1

T..
I..)

<

0

,y.*
b.1

[..,

i

o

?-li4



c)

e4

o o o o

, i ,

A

.=
°

>.
U

i

L)

0

0

.o

o"
k

o"

o=

"0

o

Cq

o

7-115



o,-

o

tl

t_

,

U,

u,

o

0

m

<

o

c

7-i16



d

II

A

.

O
i

.o

i
t.,

T.

i

U

0

t_

t0

0
1'4

_0

e_

i

o

r..

,r

.t._qtlt_D t,t_tp,?)l ao d _N_) ,_dol_ ltta:_tjjaoO a._-to._I lr_ua._oN Iw_o"I

7-117



, i

I'
I 1

I

I
ii i
I1

i ! i

iii
I 1

_ '. :

I1
I I

U-
!!
II

ii
I1
II
II
II
II
1

i
P

i

1

i

I .

'tI

!i
II
I I

!!
'2
x

]

A

I

i

o

Ii

-. ip

U
i

i
k

U

U

I
o

m

?.

o"

o

o N

7-118



I

L

l

0 o

II

_2

:)

o

0

Z

M

-o

,g

2

M

_2

o

7-119



(D

t_

U
i

o
0

t_

.o

t.,

t_

.<

o_

,.-1

U

[..,

a

o

10x

7-120



• ° ° o

!

g

i!

"o

"6
o

o.

?

e*

g

o
O

o

u

Z

,'o

O

o=

,tt

O

X

o

,.6

[,-,

|

o

aoqtl_2 D ttt_!p_]:] J_d )_0N::) 'odolg luot:_tLt°°D a:_'t°_I I'ett'a°N 1 _3°'I

7-121



3.0

mrp

I

Mach Number

O4N15 C4 F7. 5 BZ

_)4N15 C 4 FIO B2

_4N15 C 4 F15 B2

NI5 C4

I

i(
i
il

ill!! "_

........
1.6

:::!:::::)))

1.8

Figure 1 la Comparison of Total Normal Force and Pitching Moment
from Force and Pressure Data

7-122



Mach Number
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